A single-copy sense Chalcone synthase (Chs) transgene driven by a strong promoter and producing a fully translatable transcript was converted to an allelic antisense Chs transgene by Cre-lox-mediated DNA recombination in petunia. The sense Chs allele suppressed flower pigmentation in a simple pattern determined by cells at the junctions between adjacent petals, as is typical of single-copy sense Chs transgenes of this type, whereas the antisense Chs allele produced a different pattern of Chs suppression with white petal edges and reduced pigmentation throughout the petal limbs, as is typical of antisense Chs transgenes. In plants carrying a lox-flanked Chs transgene, the presence of Cre protein can cause both sense-specific and antisense-specific patterns to be superimposed in the same flower, suggesting that sense and antisense suppression by single-copy transgenes are mediated by different mechanisms or occur in different cellular or developmental compartments. The presence of Cre also causes the production of numerous, non-clonal white spots, suggesting that the turnover state is not cell-autonomous.
Introduction
The molecular mechanism(s) underlying the induction and maintenance of cosuppression by sense transgenes is not well understood. Nuclear run-on studies suggest that sense cosuppression is a post-transcriptional process (van Blokland et al., 1994; de Carvalho et al., 1992; Dehio and Schell, 1994; Kunz et al., 1996) . The possibility of feedback regulation by enzyme activity or metabolite has been ruled out by using altered coding sequences (van Blokland et al., 1994; Lindbo et al., 1993; Que et al., 1997; Smith et al., 1990) . Several mechanisms have been proposed for inducing turnover of homologous transcripts, including a concentration-or threshold-dependent response (Cameron 401 and Jennings, 1991; van der Krol et al., 1990; Lindbo et al., 1993; Meins and Kunz, 1994) ; aberrant transcripts resulting from homology-dependent DNA methylation Sijen et al., 1996) ; unintended antisense transcripts produced by the transgene construct or promoters in flanking plant DNA (Grierson et al., 1991) ; and homology sensing interactions between genes that alter transcript fate by placing the genes in an aberrant nuclear domain (Jorgensen, 1992) . These hypotheses are not mutually exclusive. The concentration-dependence/threshold hypotheses are of three types, proposing: (i) intermolecular interactions between sense transcripts leading to aggregates degraded by specific RNases (Cameron and Jennings, 1991) ; (ii) copy RNA produced by RNA-dependent RNA polymerases using sense transcripts as templates (Dougherty and Parks, 1995) ; and (iii) autoregulation based on transcript-derived activator molecules (Meins and Kunz, 1994) . For recent reviews and further citations, see Depicker and van Montagu (1997) and Stam et al. (1997) .
In petunia, cosuppression by sense Chs transgenes produces novel flower color patterns (van der Krol et al., 1990; Napoli et al., 1990) . Patterns of Chs cosuppression are diverse and largely based on elements of corolla morphology. A strong correlation exists between the type of pigmentation pattern and T-DNA repetitiveness and organization pattern. Single copy transgenes typically produce a simple pattern based on petal junctions; in contrast, T-DNA inverted repeats are almost always found to produce complex flower color patterns; and plants with dispersed copies of T-DNA can produce the junction pattern and/ or any of several different kinds of vein-based patterns (Jorgensen et al., 1996) . Importantly, cosuppression by single-copy Chs transgenes depends on a strong transgene promoter and stable sense Chs transcripts, whereas suppression by inverted-repeat Chs transgenes does not require either a strong promoter or a stable transcript (Que et al., 1997) . The former is also sensitively dependent on small changes in promoter strength and transgene dosage, consistent with the threshold hypothesis for sense cosuppression, whereas the latter is not. These observations suggest that single-copy and inverted-repeat transgenes may act by different mechanisms.
Antisense Chs transgenes produce patterns similar to the complex patterns produced by inverted-repeat sense transgenes, and never produce the junction pattern that is characteristic of single-copy sense transgenes (Jorgensen et al., 1996; Napoli et al., 1990) . The frequency of complex patterns among plants transformed with antisense constructs is approximately fivefold higher than the frequency of such patterns produced with sense constructs (~80% versus~15%; Jorgensen et al., 1996) , suggesting that single-copy antisense transgenes are capable of producing patterns of the complex class. To directly test the phenotypic difference between antisense Chs suppression and sense Chs suppression, it is useful to study both types of Chs transgene at the same genetic locus to eliminate 'position effects' of flanking DNA sequences and the effects of variations in T-DNA repetitiveness and organization patterns. Several site-specific recombination systems (Cre-lox, FLP-FRT, and R-RS) have been used successfully in tobacco and Arabidopsis to manipulate DNA sequences in vivo (reviewed by Ow and Medberry, 1995 ). Here we demonstrate the applicability of the Cre-lox recombination system to creating allelic variants in petunia, and use it to produce direct evidence that sense and antisense suppression by single copy transgenes are phenotypically distinct and to suggest a possible relationship between antisense suppression and the inverted-repeat-dependent mode of suppression by sense transgenes.
Results

Chs cosuppression phenotypes are not influenced by lox sequences
Sense construct pDVS5012 contains a Chs coding sequence flanked by lox sequences in opposite orientations ( Figure 1a) . One lox sequence is located between the omega leader and the Chs coding sequence, and the other is located between Chs and the nos 3Ј region. The CaMV 35S promoter is a modified double 35S promoter (Que et al., 1997) . Transcription of the kanamycin resistance marker gene proceeds away from the Chs transgene, so as not to produce antisense read-through transcription of Chs. Construct pDVS5606 contains the coding sequence of Cre recombinase under control of the CaMV 35S promoter and carries a hygromycin resistance marker gene ( Figure 1a) . Table 1 shows that transformation of petunia with sense construct pDVS5012 produced cosuppression phenotypes at similar frequencies to control construct pDVS343. Phenotypes were scored as described by Que et al. (1997) ; the 'multiplex' category includes mainly complex patterns, but also a low frequency of vein-based patterns in the case of sense constructs (Jorgensen et al., 1996) . The differences in phenotypic frequencies between pDVS5012 and pDVS343 seen in Table 1 are small and lie within the range of variation observed among four independent transformations with pDVS343 (Que et al., 1997) . Thus, lox sites Figure 3 for pedigree indicating derivation of populations D74 and D77, from which plants were selected for DNA isolation and gel blot analysis: lanes 1-3, sense Chs, cre -(plant D74.30); lanes 4-6, sense Chs, cre -(plant D74.32); lanes 7-9, sense/antisense Chs, cre ϩ (plant D74.35); lanes 10-12, sense/antisense Chs, cre ϩ (plant D74.36); lanes 13-15, antisense Chs, cre - (plant D77.19) . The extra prominent band in lanes 7-12 is from the 35S promoter of locus CRE5635. The other two bands in lanes 8, 9, 11, 12 are the 35S promoter from locus CHS5606 controlling both sense and antisense Chs in the same plant. The size of restriction fragments are shown at right in kilobase pairs (Kbp).
flanking the Chs coding sequence in pDVS5012 do not alter the manner in which the sense Chs transgene suppresses Chs expression, qualitatively or quantitatively. Table 1 also shows that antisense construct pDVS391 produced many multiplex patterns, no junction patterns, few white anther flowers, and few white flowers, as was previously shown for similar antisense constructs (Jorgensen et al., 1996) .
Cre recombinase causes inversion of Chs and produces novel patterns
To identify plants with single-copy transgenes, Southern blot hybridization analysis was carried out on 16 pDVS5012 1 Flower pigmentation phenotypes were scored as defined by Que et al. (1997) .
transformants that were morphologically normal and produced flowers with the junction pattern and/or white flowers. Blots were hybridized with probes homologous to the each end of the T-DNA and DNA was cleaved with three enzymes, HindIII, NcoI, and BclI, that cleave once between the two probe homologous regions (Jorgensen et al., 1996) . By this criterion, nine of 16 transformants carried a single T-DNA copy (Q. Que, unpublished results). This frequency is consistent with our previous observations for pDVS343 transformants producing such phenotypes (Que et al., 1997) . Figure 2 (a) shows a junction pattern that was produced by one of these plants, CHS5025.
A surprisingly high proportion of plants transformed with cre construct pDVS5606 had an abnormal leaf phenotype and showed stunted growth. Southern analysis of 12 morphologically normal transformants showed that three lacked the 35S promoter, six carried multiple copies of T-DNA integrated as inverted repeats, and three carried single copies. Two of the single-copy transformants showed partial loss of 35S promoter sequences at the right border. The full-length single-copy plant and one of the truncated single-copy plants showed poor male fertility, but truncated single-copy transformant CRE5635 had good male and female fertility. In testcrosses to pDVS5012 transformants, CRE5635 was found to express functional Cre recombinase, whereas two male-fertile, inverted-repeat transformants did not (Q. Que, unpublished results). Taken together, these results suggest that expression of high levels of Cre protein is deleterious in petunia. Plant CRE5635 produces levels of Cre recombinase sufficient to cause inversions in pDVS5012 transformants, but not sufficient to cause noticeable effects on growth. CRE5635 lacks the HindIII and NcoI sites which lie near the T-DNA right border Figure 1 (a), but retains homology to the 35S promoter probe.
Three single-copy sense pDVS5012 transformants (CHS5006, CHS5016, CHS5025) were crossed to CRE5635, using the latter as male parent due to the male sterility of cosuppressed Chs plants (Taylor and Jorgensen, 1992) . Doubly hemizygous seedlings resistant to both kanamycin and hygromycin were transplanted to soil and grown in a greenhouse to flowering. Two types of progeny were observed: those producing patterns similar to their sense Chs parents, i.e. white flowers and/or the junction pattern, and those producing novel flower color patterns, examples of which are shown in Figure 2 (b and c). These novel patterns have never been observed among thousands of independent transformants with either sense or antisense Chs constructs (Jorgensen et al., 1996; Que et al., 1997 ; Q. Que and R. Jorgensen, unpublished results). They possess two interesting features: (i) they combine elements typical of both sense and antisense Chs suppression in the same flower, i.e. white junctions (sense) and white edges (antisense); and (ii) there are numerous white spots in the corolla limb. These white spots have diffuse edges and are non-clonal, as indicated by the fact that each spot in the upper epidermis has a corresponding white spot immediately below it in the lower epidermis.
DNA gel blot analysis was carried out on two of these novel patterned plants (Figure 1b, lanes 7, 8, 9, 10, 11, 12) , which were derived from backcross population D74 (for pedigree, see Figure 3a ). This analysis showed that the Chs coding sequence in doubly hemizygous plants D74.35 and D74.35 was present in both sense and antisense orientations, indicating that Cre protein was mediating inversion of the Chs coding sequence. Interestingly, Chs orientation was often biased towards either the sense or the antisense orientation in these and other doubly hemizygous plants, suggesting that Cre-mediated inversion by locus Cre5635 is probably not very efficient and that each plant is a mosaic of sense and antisense sectors. It should be noted, however, that the DNA used for these Southern analyses was isolated from leaves, whereas suppression patterns are monitored in flowers, so the inference that corollas are also a mosaic of sense and antisense sectors is less direct than for leaves.
Allelic sense and antisense Chs transgenes produce distinct phenotypes
In an attempt to isolate antisense alleles, doubly hemizygous plants (e.g. plant D6.3) containing both 35S:Cre and 35S:lox:Chs:lox transgenes were backcrossed to non-transgenic V26 (for pedigrees, see Figure 3a ). Kanamycin resistant progeny (e.g. population D74) were screened for the presence of Cre, sense Chs and antisense Chs transgenes by PCR analyses. Several dozen progeny from each of several crosses were tested. Whereas all plants containing Cre tested positive for both sense and antisense Chs orientations, none of the plants lacking Cre contained an antisense Chs transgene. This result suggests that even though Cre is active in leaf and flower tissues and carries out sense-antisense inversion of Chs, the frequency of events in germ-line cells was too low to be detected in sexual progeny. A similar result was reported by Onouchi et al. (1995) , who suggested low 35S promoter activity in germ-line cells as the cause.
Given that recombination does occur in leaves, we were able to circumvent the lack of germ-line events simply by producing adventitious meristems from leaves in tissue culture and regenerating these into new shoots. This was done with leaf explants from plant D6.3, which is doubly hemizygous for loci Cre5635 and Chs5006. D6.3 regenerant D71.30 was backcrossed to V26, producing population D77 (Figure 3a) . Kanamycin resistant D77 seedlings were assayed by PCR to determine the presence or absence of Cre, sense Chs, and antisense Chs transgenes. Population D77 was found to contain many plants both lacking Cre and possessing a fixed antisense Chs transgene, although no plants lacking Cre and possessing a sense Chs transgene were detected among 40 D77 plants assayed. All D77 plants possessing Cre again had both sense and antisense Chs transgenes, indicating the occurrence of somatic inversions.
All flowers produced by sense Chs transformant CHS5006 were white. Backcrossing of CHS5006 to V26 produced population D31, in which 30 plants produced the junction pattern and 11 plants produced white flowers, as is typical of single-copy sense transgenes. Plants carrying antisense Chs allele Chs5006as produced the Chs suppression pattern shown in Figure 2(d and a) pattern typical of antisense Chs transformants (Jorgensen et al., 1996) , especially among plants with single-copy antisense transgenes (Q. Que, unpublished results). Control D74 plants carrying sense Chs allele Chs5006 s produced the junction pattern (e.g. Figure 2e ) and/or white flowers, as expected. Anther color was unaffected by the antisense allele, whereas the sense allele completely blocked pigmentation. Southern blot analysis indicated that there is no DNA rearrangement at allele Chs5006as other than the Cremediated inversion of the Chs coding sequence (Figure 1b,  lanes 13-15) . Thus, we can conclude that the antisense orientation of Chs is responsible for the altered phenotype shown in Figure 2(d) .
Flower color patterns in plants heterozygous for sense and antisense Chs alleles Plants heterozygous for sense and antisense Chs transgene alleles were produced by intercrossing D74.32 and D77.35 ( Figure 3b ) and were identified among progeny (population D95) by PCR analysis. These Chs5006s/Chs5006as heterozygotes produced either pure white flowers or a pattern similar to that produced by the antisense allele alone (as in Figure 2d ). No spots were observed in the pale purple regions of these flowers with the 'antisense pattern.' Hemizygous Chs5006/s-backcross progeny of D74.32 (population D92) produced plants with the junction pattern and plants with white flowers as expected, and Chs5006as/-backcross progeny of D77.35 (population D101) produced plants with the antisense pattern. Crossing sense and antisense Chs plants D74.32 and D77.35 to a plant carrying locus Cre5635 produced progeny (populations D93 and D102, respectively) with antisense-patterned flowers in which numerous white spots appeared. In sum, the presence of both sense and antisense Chs alleles in the same plant is not sufficient to produce these non-clonal white spots, and so we conclude that Cre is necessary for their abundant production.
Discussion
Here we have used Cre-lox-mediated recombination in petunia to convert a single-copy sense Chs transgene into an allelic antisense Chs transgene. The resulting sense and antisense alleles produced distinct flower pigmentation patterns determined by different morphological features. As is typical of single-copy sense transgenes, sense allele Chs5006s suppressed pigmentation in sectors centered on petal junctions, whereas antisense allele Chs5006as produced palely pigmented flowers with white corolla edges (i.e. a 'picotee' pattern) commonly observed among antisense transformants. These results confirm our previous inference that sense cosuppression and antisense suppression are phenotypically distinct in the Chs system (Jorgensen et al., 1996) .
We have shown elsewhere that cosuppression by singlecopy sense Chs transgenes is highly sensitive to promoter strength and transcript stability (Que et al., 1997) . For example, a sense transgene with a 'double' 35S promoter produces a much greater degree of cosuppression in singlecopy transformants than does a sense transgene with a simplex 35S promoter. Furthermore, introduction of early non-sense codons that moderately destabilize the trans-gene transcript drastically reduces the degree of sense cosuppression. These observations indicate that a high concentration of transgene transcripts is necessary for sense transgenes to trigger cosuppression (except in the case of inverted-repeat sense transgenes). Because the antisense transcript does not possess a long open reading frame, it is almost certain to be targeted by the nonsense mediated RNA degradation system, destabilizing the transcript, assuming it reaches the cytoplasm. Thus, antisense transgenes are not likely to produce the high transcript concentrations that are necessary for single-copy sense transgenes to cause cosuppression. The fact that single-copy antisense allele Chs5006as does suppress pigmentation despite its transcript's likely instability relative to the corresponding sense allele's transcript suggests that antisense transcripts interfere with Chs expression with a different concentration dependence, in a different manner, or in a different location than do sense transcripts.
Plants carrying the single-copy locus Chs5006 and the Cre recombinase produce sense and antisense suppression patterns in the same flower (e.g. Figure 2b and c). Given that different morphological elements determine the patterns produced by allelic sense and antisense genes, the coexistence of these patterns in the same flower could be explained if sense and antisense suppression are separated spatially and temporally during corolla development. For instance, antisense suppression, which produces pale flowers, might act later in development than sense suppression. The picotee effect in antisense suppression patterns might be due to late expression of endogenous Chs at the margins of the corolla, a region where pigmentation develops more slowly than in the rest of the corolla limb. Another possible explanation is that sense and antisense suppression occur in different cellular compartments. It is likely that sense cosuppression occurs in the cytoplasm because cytoplasmic RNA viruses are subject to cosuppression by sense transgenes Lindbo et al., 1993) . If antisense suppression occurs in the nucleus, it would occur in a separate cellular compartment from sense cosuppression.
Another possible explanation for the fundamental differences between sense and antisense patterns is that orientation of the Chs coding sequence affects the tissue specificity of the 35S promoter. Although this might be a direct effect, it could also be mediated by ectopic homology-sensing interactions between the Chs sequences of the transgene and those of the endogenous Chs genes. If a sense transgene were to pair with the endogenous gene, the 35S promoter would be physically in position to interact with the non-homologous ChsA promoter, possibly influencing its pattern of expression. In the case of an antisense transgene, any such interaction between their non-homologous promoters would be constrained or prevented because coding sequence alignment would place the trans-gene promoter at a distance from the endogenous gene promoter.
The fact that Cre recombinase is necessary for the production of the numerous non-clonal white spots observed here is also interesting. Our DNA gel blot analyses showed that the ratio of sense to antisense transgenes varies and that either orientation can be more abundant than the other. Thus, it seems likely that the frequency of inversion is lower than the frequency of cell division and that the corolla is a mosaic of clonal sense and antisense sectors. If so, we would expect that in plants carrying the single-copy transgene of locus Chs5006 and the Cre recombinase, both sense and antisense clonal sectors would be present in the purple or pale purple region of the corolla. However, the white spots that occur in these plants are clearly non-clonal: each sector in the upper epidermis lies immediately above a similar sector in the lower epidermis. The non-clonal nature of these sectors suggest that either sense or antisense suppression (or both) are not cell-autonomous. Recently, Palauqui et al. (1997) have demonstrated graft transmission of a signal that triggers cosuppression in transgenic, non-suppressed scions that have been grafted onto transgenic, cosuppressed stocks.
It has been shown that RNA molecules can selectively traffic through plasmodesmata (Lucas et al., 1995) ; thus, RNA trafficking could be the basis for the apparent noncell autonomy and the sequence specificity of cosuppression. One possibility is that transcript turnover products might play this role. Turnover products in cosuppressed plants have been described by Smith et al. (1990) , Goodwin et al. (1996) , Metzlaff et al. (1997) , and Tanzer et al. (1997) . However, Dougherty and Parks (1995) hypothesized that RNA-dependent RNA polymerases produce short, complementary RNA (cRNA) products that could determine the sequence specificity of cosuppression and mediate turnover of homologous transcripts in the cell. Thus, a further possibility is that short, copy RNA molecules transmit the cosuppression state between cells. Considering the small size of the cRNA molecules proposed by Dougherty and Parks, it may even be possible that these molecules actually diffuse freely between cells via plasmodesmata rather than requiring active trafficking. The non-clonal spot phenotypes we observe do give the appearance of simple diffusion, rather than selective trafficking.
Plants with sense Chs transgenes sometimes produce flowers with one or more non-clonal white spots similar to those seen here, especially plants producing junctionpatterned flowers or purple flowers with Chs suppression restricted to anthers R. Jorgensen, unpublished results) . How might these non-clonal sectors arise? The sensitive dependence of sense cosuppression on transcript concentration suggests that transcript concentration is only slightly below the threshold for cosuppres-sion in purple regions of junction-patterned flowers, and exceeds the threshold in white regions (Jorgensen, 1995; Jorgensen et al., 1996; Que et al., 1997) . Thus, a transient burst of transcript production in a single cell in the purple region could cause the threshold to be exceeded and cosuppression to be induced in that cell. If cosuppression is not cell-autonomous, the state would then spread to adjacent cells and non-clonal sectors would be the result.
Multiple copies of sense Chs transgenes often cause the production of vein-based patterns, rather than junctionbased patterns (Jorgensen et al., 1996) . Plants with one particular type of vein-based pattern of sense cosuppression undergo somatic events that vertically bisect flowers, such that a vein-based pattern lies on one side of the flower and the other side is completely purple (Jorgensen, 1993; R. Jorgensen, unpublished results) . These events appear to be clonal, except that the bisected flowers always have diffuse boundaries separating the purple side of the flower from the vein-patterned side of the flower (see Jorgensen [1993) , Figure 2 , upper panels, for photographs of such flowers). The hypothesis for diffusion of the cosuppression state provides a new explanation for the diffuse boundaries in these bisected flowers. In the model of Dougherty and Parks (1995) , small cRNAs could traffic or diffuse into adjacent cells, initiate turnover of homologous sequences, and then cause the production of new cRNAs in adjacent cells, producing a wave of cosuppression that would propagate outwards from any cell in which cosuppression was triggered. As development proceeds, synthesis of chalcone synthase in cells not yet exposed to these cRNAs would produce pigment before turnover is triggered, limiting the visible evidence of wave of cosuppression. The diffuse boundaries typical of the Chs cosuppression would represent cells in which cosuppression was triggered after endogenous Chs expression had already produced some chalcone synthase enzyme.
Experimental procedures
Plasmid constructs
Escherichia coli strain DH5α was used as host for all recombinant DNA constructions. A DNA fragment containing a lox sequence and restriction sites was synthesized by filling-in of annealed oligodeoxynucleotides LOXLEFT (5Ј-CAG ATC TAG ATC GAT ATA ACT TCG TAT AAT GTA TGC TA-3Ј) and LOXRITE (5Ј-GAT CGA TGG ATC CAT AAC TTC GTA TAG CAT ACA TTA TA-3Ј) by Klenow fragment of E. coli DNA polymerase I. The resulting DNA fragment was restricted with BamHI and XbaI and inserted into pDVS10 (described by Jorgensen et al., 1996) digested with BamHI and XbaI, so that the lox sequence was inserted at the 3Ј end of the Chs coding sequence to create pCHS4302. The resulting bluntended DNA fragment was also inserted into pDVS10 that had been digested with ClaI and filled-in with Klenow DNA polymerase to create pCHS4330, in which the lox sequence was located at the 5Ј end of the Chs coding sequence and oriented opposite to the lox site in pCHS4302. Plasmids pCHS4302 and pCHS4330 were recombined to create plasmid pCHS5003 having two lox sequences in inverted orientation with one lox site preceding and another lox site following the Chs. Plasmid pCHS5003 was digested with BglII partially and HindIII, the resulting BglII/HindIII fragment containing CaMV 35S promoter: Chs: nos 3Ј was cloned into binary vector pDVS518 (described in Que et al., 1997) to create construct pDVS5012 (see Figure 1a for map). pDVS391 is similar to pDVS311 (described previously (Jorgensen et al., 1996) ), except that the orientation of the kanamycin resistance marker is reversed so as to correspond to the orientation in pDVS5012 and pDVS343.
pMM23 contains the cre coding sequence under the control of a CaMV 35S promoter and a nos 3Ј polyadenylation sequence (Albert et al., 1995) . pMM23 was digested with SacI and HindIII and the resulting fragment carrying the CaMV 35S promoter: cre:nos3Ј construct was inserted into binary vector pSLJ6991 which has a hygromycin selection marker under the control of the 1Ј promoter (Jones et al., 1992) to form pDVS5606 (Figure 1a ).
Agrobacterium-mediated plant transformation and selection of progeny on antibiotic media Petunia hybrida line V26 was grown axenically from surfacesterilized seeds for use in plant transformation. Plant transformation was done by a leaf disc cocultivation procedure described previously (Jorgensen et al., 1996) . Construct integrity in bacterial cultures used in cocultivations of leaf discs was verified by restriction digestion of plasmid DNA isolated from Agrobacterium and/or by PCR analysis of total bacterial DNA. Transformed shoots were selected on kanamycin (300 mg per litre) or hygromycin B (15 mg per litre). Bacteria were counterselected with carbenicillin (500 mg per litre). Shoots were rooted on kanamycin (200 mg per litre) or hygromycin B (15 mg per litre).
For selection of seedlings on sterile medium, petunia seeds were surface-sterilized in 20% bleach for 15 min and rinsed by several washes of sterile deionized water. Seeds were briefly dried in sterile transfer hood and then plated on kanamycin (200 mg per litre) or hygromycin B (10 mg per litre) for germination and selection of drug resistance. Young seedlings were transplanted into soil after 2 weeks and grown to flowering in a greenhouse. With the exception of the cross-producing sense/antisense heterozygotes, all crosses presented here were backcrosses to V26 or intercrosses, and so all progeny of these crosses were hemizygous for each transgene locus. All segregation ratios were consistent with transgenes behaving as single Mendelian loci.
DNA isolation, Southern hybridization and polymerase chain reaction Total plant DNA was isolated from leaves as described in Que et al. (1997) . Purified DNA (µ 5 µg) was digested with appropriate restriction enzymes, separated on 0.9% agarose, transferred to MagnaCharge nylon membrane (Micron Separation Inc., Westborough, MA, USA) using an alkaline solution according to the manufacturer's instruction. Membranes were probed with 32 Plabeled CaMV 35S promoter or nptII gene probes prepared by random priming kit (Gibco-BRL Life Technologies, Gaithersburg, MD, USA), and washed at 65°C in 0.1ϫ SSC, 0.5% SDS. For use as a probe, a 1.3 kb CaMV 35S promoter fragment was amplified from plasmid pSLJ4 k1 (Jones et al., 1992) using primers 35S1 (5Ј-ACA GCA CAG TTG CTC CTC TC-3Ј) and 35S2 (5Ј-TCG AGC GTG TCC TCT CCA AA-3Ј). An nptII probe fragment (760 bp) was amplified from plasmid pSLJ3936 (Jones et al., 1992) using primers NEO1 (5Ј-GAT GGA TTG CAC GCA GGT TC-3Ј) and NEO2 (5Ј-AAG AAC TCG TCA AGA AGG CG-3Ј). PCR products were gelpurified then labeled by the Random Primers DNA Labeling System (Gibco-BRL Life Technologies) according to the manufacturer's instruction.
Polymerase chain reactions were carried out with primers CREFWD (5Ј-GAA CGT GCA AAA CAG GCT CTA G-3Ј) and CREREV (5Ј-ACT AAT CGC CAT CTT CCA GCA G-3Ј) for cre gene; 35S130 (5Ј-AGA AGA TCT TCC AAC CAC GTC TTC AAA GC-3Ј) and CHSR348 (5Ј-GGC TGG ATC CAT TAC TTG ATA GCC TT-3Ј) for sense Chs; and CHSR348 and NOSEND (5Ј-TCC TAG TTT GCG CGC TAT AT-3Ј) for antisense Chs. PCR amplifications were done with 35 cycles of 94°C for 20 sec, 56°C for 30 sec, 72°C for 60 sec in a Perkin-Elmer Thermocycler 9600.
